T
he protection of health care professionals exposed daily to low doses of cytotoxic agents remains a major concern in hospitals. 1, 2 Despite following recommended safe-handling practices, workplace contamination with antineoplastic drugs in pharmacy and nursing areas continues. 3 These drugs are potentially mutagenic; many are, indeed, classified as carcinogenic or probably carcinogenic in humans (group 1 or 2A) by the International Agency for Research on Cancer. 4 This means the optimal situation for persons handling these agents would be the absence of drug permeation of protective attire and the absence of direct skin contact with the drugs. In this context, the more restrictive the guidelines or international standards are, the safer health care workers are.
Appropriate selection of gloves appears to be one of the easiest ways to provide protection. A previously published report from our group described an original dynamic permeation glove testing device that reflected real-use conditions of medical Purpose. The results of a study to help identify the best glove protection for health care professionals frequently exposed to cytotoxic agents are reported. Methods. The permeation of 17 cytotoxic drugs through different glove materials and glove combinations was studied under the conditions of simulated dynamic contact (e.g., friction, stretching), a temperature of 37 °C (normal body temperature), different exposure times (30 and 60 minutes), and a 15-minute pretreatment with 70% alcohol or isopropyl alcohol. For 6 drugs, permeability was further evaluated at a temperature of 43 °C with different double-gloving combinations in order to assess the risk of health care worker exposure during the administration of hyperthermic intraperitoneal chemotherapy (HIPEC). All evaluated glove products were provided by one manufacturer. Analytical measurements were performed in triplicate using chromatographic and spectrometric techniques. glove use such as rubbing, stretching, and tension. 5 In that report, vinyl was identified as the most permeable material, and carmustine permeated the widest variety of materials. Neoprene, natural rubber latex (NRL), and nitrile gloves displayed the highest resistance to permeation by the 13 drugs studied. However, in that report, the permeation experiments were performed at room temperature and did not include any solvent pre-Am J Health-Syst Pharm-Vol 69 Oct 1, 2012 treatment that might cause degradation of the glove material.
Results
In the investigation described here, the permeation and resistance to degradation of different glove materials were evaluated with the same dynamic testing method used in the earlier study but at higher temperatures. Seventeen cytotoxic drugs were tested at 37 °C (normal body temperature), and 6 of those drugs were further evaluated at 43 °C, the temperature used in hyperthermic intraperitoneal chemotherapy (HIPEC). Administered after radical cytoreduction, HIPEC combines intraperitoneal chemotherapy with hyperthermia, which has a known cytotoxic effect (a temperature of 42-45 °C, maintained for 10-60 minutes, causes cell death). Recently reported HIPEC outcome data were encouraging, indicating that the treatment is superior to traditional systemic chemotherapy. 6, 7 Among the cytotoxic agents most frequently used in HIPEC are mitomycin and oxaliplatin.
Moreover, because health care professionals commonly use alcoholic solutions while handling chemotherapeutic agents, a 15-minute pretreatment with alcohol (ethanol) or isopropyl alcohol was systematically performed in order to determine whether that treatment caused degradation of the gloves. The resultant drug-permeation data were compared with our previously published data 5 and interpreted according to the current European or American standards; notably, these standards pertain to permeation during static exposure and not to the dynamic conditions under which we tested gloves.
Methods
Six models of gloves and two models of undergloves were tested individually; in addition, five combinations of products (gloves plus gloves or gloves plus undergloves) were tested ( Table 1 ). The gloves and undergloves were composed of neoprene, NRL, nitrile, or synthetic polyisoprene. (Undergloves are typically used to provide a second barrier during HIPEC because of the high temperatures involved and the risk of a breach of the outer glove during the surgical procedure.) All products tested were provided by Ansell Healthcare Europe, NV, Brussels, Belgium.
The influence of exposure to two different alcoholic solutions was tested. Before each experiment, the glove or glove combination was submerged in a 70% alcohol solution (a solution used in some treatment centers in Europe) or a 70% isopropyl alcohol solution. After 15 minutes, the glove or glove combination was removed from the alcoholic solution and maintained at room temperature until dry. The permeation tests were conducted using the middle finger of the glove, as described previously. 5 The permeability of the following drugs was investigated using the highest stock concentration likely to be handled by health care professionals (i.e., as provided in liquid formulations or as reconstituted before final dilution): carmustine, a cisplatin, 
Characteristics of Tested Gloves and Glove Combinations
Am J Health-Syst Pharm- k Carmustine, cisplatin, etoposide, fluorouracil, oxaliplatin, and paclitaxel concentrations were quantified by ultraperformance liquid chromatography (UPLC) with ultraviolet or fluorescence detection.
l These new methods were validated according to Food and Drug Administration guidelines for chromatographic methods. 8 The UPLC analytical conditions and performances are described in Table 2 .
Collecting solutions were removed for drug analyses after 30 and 60 minutes, and experiments were performed in triplicate. The permeation rate P (ng/cm²·min) was calculated with the equation P = CV/tS, where C = drug concentration (ng/mL) in the collecting solution, V = volume of the collecting solution (1.5 mL), t = duration of exposure (minutes), and S = surface area of the glove exposed to the drug (22.3 cm²). Details of this method were previously published.
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Results and discussion
The level of detection of the analytical methods ranged from 0.1 to 45 ng/mL, depending on the drug, which corresponds to 60-minute P values ranging from 0.00001 to 0.05 ng/cm²·min. As shown in Table 3 .
Permeation of Drugs Through Gloves at 37 °C After Pretreatment With Alcohol a
minutes of drug exposure at 37 °C. Permeation tended to increase with time, but none of the gloves had a P value above that indicated in European standard EN 374-3 (1000 ng/ cm²·min) 9 or in American standard ASTM F739-07 (100 ng/cm²·min). 10 Some of the gloves had a P value that exceeded, for a few drugs, the value indicated in standard ASTM D6978-05 (10 ng/cm²·min). 11 Permeation was not detectable for any of the glove combinations, which were tested at 43 °C after 30 or 60 minutes of exposure to cisplatin, doxorubicin, irinotecan, mitomycin, oxaliplatin, and paclitaxel. The undergloves were tested alone at 43 °C after 60 minutes of exposure to the same six drugs. For the Gammex PF underglove, the resultant mean ± S.D. P values were 3.5 ± 1.7 ng/cm 2 ·min for cisplatin, 0.29 ± 0.09 ng/cm 2 ·min for doxorubicin, 0.01 ± 0.01 ng/cm 2 ·min for irinotecan, 1.21 ± 0.12 ng/cm 2 ·min for mitomycin, 5.7 ± 3.7 ng/cm The highest mean P values were for the Encore Style 85 and the MicroTouch Premium gloves exposed to carmustine for 60 minutes (66.5 and 36.3 ng/cm²·min, respectively). P values exceeding 10 ng/cm²·min were also found for the DermaShield glove (cisplatin at 60 minutes), the MicroTouch Premium glove (carmustine at 30 minutes), the Micro-Touch NitraTex EP glove (oxaliplatin at 60 minutes), and the Encore Style 85 glove (carmustine at 30 minutes, cisplatin and etoposide at 30 and 60 minutes, and oxaliplatin at 60 minutes). The permeation rate was <10 ng/cm²·min for all other tested gloves and glove combinations. As alcoholic solutions are known to cross some materials, the question of possible polymer-matrix degradation remained open before the study described in this article. Similarly, increases of temperature have been suspected as a risk factor for increased P. The difference in P values documented after a 15-minute pretreatment with alcohol 70% versus isopropyl alcohol 70% was small (<15%) and not significant per Student's t test (data not shown).
The P values documented in the study described here-with exposure to alcohol or isopropyl alcohol and measurements at 37 °C-were similar to those documented in our previous investigation 5 ; possible explanations are that (1) the gloves were tested dry after exposure to alcohol or isopropyl alcohol and (2) the temperature threshold for a permeability increase might be higher than 37 °C.
We found that aside from the glove combinations, the Gammex PF glove provided the best global protective barrier when all evaluated drugs were considered. Excellent general protection was also demonstrated for the Micro-Touch Premium glove (except when exposed to carmustine), the Micro-Touch Nitra-Tex EP glove (except when exposed to oxaliplatin), and the Nitra-Touch glove (except when exposed to carmustine). The best protection against carmustine was provided by the Gammex PF glove, confirming previously published results. 5 Overall, the Encore Style 85 glove was found to provide the weakest protection among the tested gloves and should not be used when handling carmustine, cisplatin, etoposide, or oxaliplatin. The MicroTouch Premium should be avoided when handling carmustine.
Because some drug permeation rates were above the ASTM D6978-05 standard of 10 ng/cm²·min after 30 minutes, and because permeation was greater after 60 versus 30 minutes of exposure, it seems prudent to recommend glove changes no less often than every 30 minutes. The absence of any detected permeation through glove combinations strongly supports the practice of double-gloving.
The results of this study were obtained by testing materials provided by one manufacturer. Although like results might be expected with other manufacturers' gloves of comparable materials and thickness, we cannot rule out differences in performance related to dissimilar glove formulations and manufacturing processes. Indeed, the Encore Style 85 and the Gammex PF-both made of a similar thickness (around 0.22 mm) of NRL-displayed different permeation profiles.
The results of this study offer additional guidance on the selection of glove types for handling chemotherapy drugs. Of course, other sources of occupational exposure should also be considered, such as that resulting from the volatility of some agents.
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Conclusion
Gloves evaluated with a dynamic permeation testing device at 37 °C after pretreatment with alcohol or isopropyl alcohol showed permeation rates by selected cytotoxic drugs of <100 ng/cm 2 ·min after 30 or 60 minutes of drug exposure. Undergloves alone and glove-glove and glove-underglove combinations showed no detectable permeation in tests performed at 43 °C. 
